Turbidity is a characteristic related to the concentration of suspended solids particles in water and has been adopted as an easy and reasonably accurate measure of overall water quality. The most widely applied water treatment processes, a combination of some or all of coagulation, flocculation, sedimentation and filtration to reduce or eliminate turbidity and improve water quality. In this research, proposed approach was adopted on the basis of applying two sequent treatments that used coagulation, flocculation and sedimentation processes under certain operating conditions of mixing speed, mixing time and settling time for each treatment. The environmentally friendly natural coagulants of date seeds (DS) or pollen sheath (PS) from local Iraqi palm was used in the first treatment and alum was used in the second treatment at their predetermined optimum doses to treat low (75 ± 10 NTU), medium (150 ± 10 NTU) and high (300 ± 10 NTU) bentonite synthetic turbid water. Experimental results clearly show that the proposed approach was superior in performance in terms of residual turbidity compared with conventional approach using both of (DS) and (PS) natural coagulants in which it achieved a significant reduction in turbidity to less of 5 NTU that meeting WHO drinking water guidelines for all tested synthetic turbid water. Moreover, in some cases, it produced excellent water quality having residual turbidity less of 0.1 NTU. In addition to decrease the settling time to 30 minutes and minimize risks of alum dose required to 60%. These viable advantages are significant to current practices in advanced water treatment technologies such as reverse osmosis in cost, energy, effectiveness, safety and maintenance. So, it is recommended to consider proposed approach in this research work to be a novel pretreatment approach in advanced water treatment.
Introduction
Turbidity can be used to measure the performance of individual treatment processes as well as the performance of an overall water treatment system. Common water treatment processes intended to remove suspended solids and reduce turbidity include: coagulation, flocculation, sedimentation and filtration [1] .
Coagulation is the process of conditioning suspended solids particles to promote their agglomeration and produce larger particles that can be more readily removed in subsequent treatment processes. The process of coagulation is complex and may involve several different mechanisms to achieve "destabilization", which allows particle agglomeration and enhances subsequent removal [2] . Flocculation is the process of bringing the destabilized particles into contact with one another to form larger "floc" particles. These larger particles are more readily removed from the water in subsequent processes [1] .
A coagulant is one of the key components for removing turbidity in a water treatment process [3, 4] . Many coagulants are widely used in conventional water treatment processes. These materials can be classified into inorganic and organic coagulants [5] . Inorganic coagulants such as aluminum and iron salts are most widely used in the coagulation process [6] . Aluminum is regarded as an important poisoning factor in dialysis encephalopathy. Also, there is strong evidence linking aluminum-based coagulants to the development of neurodegenerative illnesses as senil dementia [7] and with Alzheimer's disease in human beings [8] .
Organic coagulants (polymers) are often termed polyelectrolytes are broadly classified into synthetic and natural origin. Synthetic polyelectrolytes are cuestionated due to the toxicity and carcinogenetic potential of the monomers used for their synthesis [9] . For these reasons, it is desirable a progressive replacement of these chemical coagulants with alternative coagulants preferably from natural and renewable sources. Natural coagulants (biopolymers) would be of great interest since they are natural low-cost products, characterized by their environmentally friendly behavior, and presumed to be safe for human health. There has been considerable interest in the development of usage of natural coagulants [10] which can be produced or extracted from microorganisms, animal or plant tissues. These coagulants produce readily biodegradable and less voluminous sludge that amounts only 20% -30% that of alum treated counterpart [11] . Different environmentally friendly coagulants are proposed as an important alternative for water treatment from plant origin such as nirmali seed and maize [12] , mesquite bean and cactus latifaria [13] , cassia angustifolia seed [14] , different leguminose species [15] , acorn [16] , coccinia indica fruit mucilage [17] . Nowadays, the material which has recently received the greatest attention of many researchers such as [18, 19] is moringa oleifera. It has a very good coagulating activity in the clarification of turbid water as primary coagulant and as coagulant aid with alum.
The objective of this research is to develop a new approach using coagulation-flocculation-sedimentation processes at certain operating conditions depending on an investigated optimum doses of natural coagulants of date seeds (DS), pollen sheath (PS), and inorganic coagulant (alum) for treating low, medium and high bentonite synthetic turbid water to obtain better quality of treated water meeting WHO turbidity standard of drinking water. The performance of proposed approach would be assessed and compared with conventional approach on the basis of minimizing risks of alum dose required, reducing the settling time of suspended solids and decreasing residual turbidity.
Materials and Methods

Preparation of Synthetic Turbid Water
Bentonite was collected from a local site (Al-Anbar Governate, Western desert). Synthetic turbid water was prepared by adding different weights of bentonite in (mg) into 1 L of distilled water. Bentonite suspension was resuspended by rapid mechanical agitation (300 rpm) for 5 minutes in a jar test apparatus (ECE CLM6, Compact Laboratory Mixer) followed by 30 minutes of slow mixing (40 rpm) to obtain a uniform dispersion of bentonite particles. After that it was left to settle for 10 minutes. Turbidity of the supernatant liquors was measured by (Turbi Direct, Lovibond, Germany) and expressed in nephelometric turbidity unit (NTU). The procedure for measurement was conformed to that described in Standard Methods for the Examination of Water and Wastewater [20] . Each experiment was carried out in duplicate and the mean values of obtained turbidities were reported and plotted against the concentration of bentonite in (mg/L) as shown in Copyright © 2012 SciRes. JWARP levels of synthetic turbid water, namely, low (75 ± 10 NTU), medium (150 ± 10 NTU) and high (300 ± 10 NTU) turbidities.
Preparation of Alum Solution
Alum (A) solution was prepared by dissolving 1 g of alum (Al 2 (SO 4 ) 3 ) in distilled water (pH = ) and the solution volume was increased to 1 L. Each 1 mL of prepared stock solution was equal to 10 mg/L when added to 1 L of synthetic turbid water to be tested [20] . 7 0.1   
Preparation of Natural Coagulants Solutions
Date seeds (DS) and pollen sheath (PS) of the local Iraqi palm were collected and used in this research. Each of them was washed in tap water and dried in an oven at 40˚C for one day until dryness. They were powdered in a domestic grinder and sieved through a 300 µm sieve. Each of (DS) and (PS) was accurately weighted (0.9 g) into a glass beaker and then added 0.1 g of NaOH. After that, a certain volume of distilled water was added to the blend and stirred for 5 minutes at 300 rpm using magnetic stirrer (Model L-81, Rlabinco). The volume of obtained suspension was increased to 1 L and then gravity filtered through a 1 µm Whitman filter paper to separate residual particles from the prepared solution. The filtrate of (DS) and (PS) is referred to as natural coagulants in this work.
Experimental Procedure
A standard jar test apparatus equipped with six paddles rotating in a set of six beakers was used to simulate coagulation, flocculation and sedimentation processes. The selected level of bentonite synthetic turbid water (1 L) at room temperature (25˚C) was filled into the beakers and various doses in the range (10 -100 mg/L) of natural coagulants (DS, PS) and the inorganic coagulant (alum, A) were separately added into the beakers and mixed rapidly (300 rpm) for 1 minute. The mixing speed was then reduced to 40 rpm for 20 minutes. Then the stirrer was turned off and the suspensions were allowed to settle for different periods of time ranging from 30 to 120 minutes under quiescent conditions. After each period of settling time, supernatant samples of each beaker in the jar test were withdrawn from the located 10 cm below the water level and residual turbidity was measured (Ts). Control experiments for coagulation tests (T B ) were performed in the absence of each coagulant of (DS), (PS) and (A) to natural decantation of the suspension under each set of experimental conditions. The efficiency of turbidity removal, R(%) was calculated using the formula given:
  %
Results and Discussions
Investigation of the Optimum Coagulants Doses
Dosage is one of the most important parameters that has been considered to determine the optimum conditions for the coagulation and flocculation. Basically, insufficient dosage or overloading would result in the poor performance in flocculation. Therefore, it was crucial to determine the optimum dosage in order to minimize the dosing cost and obtain the optimum performance in treatment. In conventional water treatment practice, finding the optimum dose for each coagulant is a problem that must be solved and determined by empirical experiments [5, 21] . So, a set of experiments were carried out using jar test apparatus to investigate the effect of equal investigated dosages of each coagulant of (DS), pollen sheath (PS) and alum (A) in the range of 10 -100 mg/L on the synthetic turbid water prepared at low, medium and high turbidities in terms of turbidity removal efficiency (R%) under various settling times from 30 to 120 minutes. Figures 2-10 clearly show that for all range of settling time, the coagulants of (DS, PS and A) are able to achieve good removal efficiencies for all levels of synthetic turbid water that were calculated by using Equation (2) . On the other hand, the best results of the percentage removal of turbidity were found at the settling time of 120 minutes. It was observed that there was an insignificant difference in the turbidity removal efficiency when the settling time was increased beyond 120 minutes. Thus, the settling time (120 minutes) will be used as a basis for comparing the efficiency of coagulants.
The maximum values of turbidity removal at low synthetic water were reported as 94%, 91% and 97% for DS, PS and A coagulants respectively corresponding to the doses of 30, 20 and 10 mg/L respectively as shown in Figures 2-4 . These doses are to be the optimum doses for coagulation process.
In medium synthetic water, Figures 5 and 6 show the highest efficiency of turbidity removal of natural coagulants (DS) and (PS) was 90% and 92% corresponding to the optimum doses of 60 and 50 mg/L respectively. While in Figure 7 , the highest turbidity removal of 97% was achieved at the optimum alum dose of 20 mg/L.
Similar results were obtained with high synthetic turbid water as shown in Figures 8-10 . The highest turbidity removal for coagulants of DS, PS and A were to be 83%, 93% and 99% respectively corresponding to the optimum doses of 80, 90 and 60 mg/L respectively.
Several researches which reported that initially with an increase in the dose of coagulant, the percentage removal of turbidities increases, but after a certain dose, a decreasing trend in turbidity removal percentage with the increase of coagulant dose [22] [23] [24] . This behavior could 100
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While it was 90% and 83% for medium and high turbidities respectively. In other words, the turbidity removal efficiency is influenced by the initial turbidity of synthetic water. These results are constituent with those obtained by several researches [17, [26] [27] [28] . So, coagulant dose is very important factor for coagulation efficiency that highly depends on optimum relationship between coagulant doses and bivalent cations in water [29] .
be explained by the fact that the optimal dose of coagulant in suspension causes larger amount of solid to aggregate and settle. However an overoptimal amount coagulant would cause the aggregated particles to re-disperse in the suspension and would also disturb particle settling. The experimental results found in this work are in agreement with the literature where above the optimum doses for each coagulant found at three levels of synthetic turbid water, the suspension showed a tendency to restabilize and further increase in coagulant doses adversely affected turbidity removal [25] .
Residual Turbidity as Evaluating Parameter of Coagulants Performance
It is obvious from the results are presented in Figures  2-10 that the coagulation activities in terms of turbidity removal efficiency (R%) of the investigated coagulants at their optimum doses showed similarly effective results and possessed positive coagulation abilities to treat various synthetic turbid water but they were not equal. These results of each investigated coagulant were shown in Figure 11 ; the percentage of turbidity removal of (DS) natural coagulant is higher than that of (PS) at low turbidity. While for medium and high initial turbidities, it was lower. On the other hand, alum coagulant expressed the highest coagulation activity for all tested levels of synthetic turbid water. So, it is of importance to mention that the coagulation activity (R%) of each coagulant has significantly been affected by the type of coagulant.
The effect of settling rate of bentonite suspensions of control samples in the absence of each coagulant under various settling times in the range of 30 to 120 minutes on low, medium and high synthetic turbid water is shown in Figures 12-14 . The exponential models were fit well the obtained experimental data of control samples with correlation coefficient, (R 2 ) greater than (0.95). The exponential model can be written as: (3) where RT is the residual turbidity of control samples of synthetic turbid water in (NTU), a and b are correlating parameters measured in (NTU) and (1/min.) respectively, t is the settling time (min.). The described model in Equation (3) has a physical meaning in which as the settling time approaches zero, the value of residual turbidity will represent approximately the initial turbidity of control Also, Figure 11 showed that the coagulation activity (R%) of each coagulant used was found to be dependent on initial turbidity level of synthetic water. For example, samples. While the settling time goes to long period of time, the residual turbidity of control samples will reach to minimum value under quiescent condition. This model could be used for prediction of the final turbidity of synthetic water as a function of settling time. Table 1 shows the correlating parameters of exponential model of residual turbidity of control synthetic water at low, medium and high turbidities. It is obvious to see from Figures 12-14 that the residual turbidities of low, medium and high of control bentonite synthetic water as a function of settling rate in the range of 30 to 120 minutes without addition of any coagulant were greater than the value of standard drinking water. World Health Organization (WHO) recommends that if turbidity is more than 5 NTU, some treatment is necessary to remove the turbidity before the water can be effectively disinfected [30] . So, several experiments were performed to increase the control settling rate of three levels of synthetic turbid water using different doses of investigated coagulants. The best results obtained at the optimum doses of each coagulant as shown in Figures  2-10 were selected on the basis of highest removal efficiencies. On the other hand, these highest removal efficiencies correspond to minimum residual turbidities. In Figures 12-14 , minimum residual turbidities were basically used for evaluating the efficiency of each coagulant compared with the control samples. It can be clearly seen from these figures that the best results were noticed at settling time (120 minutes).
In Figure 12 , the residual turbidities of DS (5.2 NTU) and PS (7 NTU) natural coagulants could not reach to the standard value (less than 5 NTU) in drinking water. While after addition of alum, the settling rate of control sample was increased very fast and resulted in substantial improvement in residual turbidity such as (3.15, 2.36, 2.10 NTU) for three settling times (60, 90, 120 minutes) respectively. These values of residual turbidities are acceptable according to WHO guidelines for safe drinking water. This indicates that alum coagulant at the optimum dose has a very good coagulating activity in the turbidity removal for low synthetic turbid water.
In Figure 13 , the residual turbidities of natural coagulants of DS and PS were found to be 14.9 and 12 NTU respectively higher than that of standard value in drinking water. While for alum coagulant, they were 4.66 and 4.18 NTU at two settling times of 90 and 120 minutes respectively. These values of residual turbidities are within the WHO drinking water guidelines value for turbidity.
In Figure 14 , the residual turbidities of DS (50.2 NTU) and PS (25 NTU) were higher than that of standard value in drinking water. While for alum coagulant, at settling time 120 minutes, it was 4.41 NTU that meeting WHO drinking water guidelines for safe drinking water. 
Comparison of Applied Approaches
Performance of Turbidity Removal Figures 2-14 , it can be clearly observed that both natural coagulants of (DS) and (PS) achieved a significant improvement in the percentage of turbidity removal of synthetic turbid water under various levels of prepared turbidities. On the other hand, in terms of residual turbidities, both of them could not achieve the acceptable limit of safe drinking water. While for alum coagulant, residual turbidities were less of 5 NTU for low, medium and high synthetic turbid water that meeting WHO drinking water guidelines. Therefore, alum could be used as a primary coagulant. While natural coagulants of DS and PS could be used as coagulant aids in the conventional approach. Primary coagulants are used to cause the particles to become destabilized and begin to clump together. The purpose of coagulant aids may be to condition the water for the primary coagulant being used [31] , to achieve optimum conditions for coagulation and flocculation, to obtain faster floc formation, produce denser and stronger flocs, decrease the coagulant dosage, broaden the effective pH band, and improve the removal of turbidly [32] . Poor performance was obtained by [33, 34] when chitosan coagulant aid and alum were added simultaneously. Good results obtained when chitosan coagulant aid was added one minute after addition of alum. The same result was obtained by [33] who used natural polyelectrolyte as coagulant aid. So, in this research work, the delay time between the addition of natural coagulant aids and primary coagulant in conventional approach was considered to achieve a good performance. Each of natural coagulant of (DS) and (PS) at their predetermined optimum doses used as a coagulant aids was added to control bentonite turbid water (1 L) prepared at different selected levels of turbidity and mixed rapidly (300 rpm) for 1 minute. After that, alum used as a primary coagulant was added to the jar beakers under various investigated doses in the range of 2 -10, 4 -20 and 12 -60 mg/L for low, medium and high synthetic turbid water respectively and mixed rapidly (300 rpm) for 1 minute. The mixing speed was then reduced to 40 rpm for 20 minutes. The stirrer was turned off and the suspensions were allowed to settle for different periods of time (30 -120) minutes under quiescent conditions. After each period of settling time, supernatant samples of each beaker were withdrawn and residual turbidities were directly measured.
Conventional Approach Based on the obtained results shown in
Proposed Approach
Coagulation by itself does not achieve turbidity reduction; in fact turbidity may increase the coagulation process due to the additional insoluble compounds generated through chemical addition. The subsequent processes of flocculation, sedimentation and filtration are used in conjunction with coagulation to achieve turbidity reduction. In coagulation process, rapid mixing is utilized to distribute the coagulant throughout the tested water. In flocculation process, slow mixing is a key aspect to achieve optimum performance. While mixing time is a key performance parameter. Adequate time must be provided to allow generation of particles sufficiently large to allow their efficient removal in sedimentation process [32] .
The proposed approach was adopted on the basis of treating synthetic turbid water consisting of a combination of two similar serial treatments that used coagulation-flocculation-sedimentation processes under certain operating conditions of mixing speed, mixing time and settling time for each of them. Another adoption of this approach was to apply the natural coagulant of DS or PS in the first treatment as a primary coagulant and alum coagulant in the second treatment as a primary coagulant.
Various levels of control bentonite turbid water (1 L) were filled into the jar beakers. Selected natural coagulant of (DS) or (PS) at its predetermined optimum dose of each turbidity level of tested synthetic water was added into the beakers and mixed vigorously (300 rpm) for 1 minute followed by 10 minutes of gentle mixing speed (40 rpm). The stirrer was turned off and the suspensions were allowed to settle for 15 minutes under quiescent conditions. After that, the supernatant samples of each beaker were withdrawn and transferred into other empty beakers. Alum was added under various investigated doses in the range of 2 -10, 4 -20 and 12 -60 mg/L for low, medium and high synthetic turbid water respectively to the beakers that contained supernatant samples and mixed rapidly (300 rpm) for 1 minute followed by 10 minutes of slow mixing speed (40 rpm). Then the stirrer was turned off and the suspensions were allowed to settle for 15 minutes under quiescent conditions. Treated samples of each beaker were withdrawn and residual turbidity was directly measured. This measuring value corresponds to setting time of 30 minutes. Other measurements of residual turbidities were done after the settling time ranging from 60 to 120 minutes. On the basis of the comparison of performance between conventional and proposed approaches, the operating parameters which are selected to use in both treatments of proposed approach was equivalent to that used in conventional approach. In other words, the mixing speed of coagulation and flocculation process for both approaches was equal. While the mixing time of flocculation process for each of first and second treatments of proposed approach was 10 minutes, i.e., the sum of both times of flocculation process of proposed approach equal to that of conventional process (20 minutes). This mixing time of flocculation process is in agreement with that reported by [31] that recommended to consider the minimum mixing time for flocculation process ranges between 5 to 20 minutes for direct filtration and up to 30 minutes for conventional filtration. Tables 2-4 show that the comparison of performance between conventional and proposed approaches on the basis of residual turbidity of each synthetic water using natural coagulants of (DS) and (PS) at their predetermined optimum doses as coagulant aids in conventional approach and as a primary coagulants in proposed approach under different investigated doses of alum (A) as a primary coagulant in both approaches and various settling times from 30 to 120 minutes. Table 2 , at low turbidity, the conventional approach by using (DS) natural coagulant could not achieve the acceptable residual turbidity level in drinking water according to WHO. While for proposed approach, it could satisfy the acceptable limit (less of 5 NTU) at alum dose (10 mg/L) for all settling times from 30 to 120 minutes. It is of importance to mention that after 30 minutes settling time only, the residual turbidity was to be 2.69 NTU. This is very important not only for process economy but in the practical application. On the other hand, as the settling time increased, the residual turbidity decreased. The lowest value occurred at 120 minutes was less of 0.1 NTU. Note that, turbidmeter used in this work could not measure the turbidity values less of 0.1 NTU.
The same table shows the conventional approach by using (PS) natural coagulant produces appreciable reduction of turbidity that meeting the standard limit only at alum dose (10 mg/L) for settling times (60, 90, 120 min-utes). While for proposed approach, it could satisfy the treatment goal (  5 NTU) for all settling times from 30 to 120 minutes at two alum doses of 8 and 10 mg/L. The advantage of proposed approach is to decrease settling time to 30 minutes that was capable of producing residual turbidities of 4.39 and 3.62 NTU for two alum doses 8 and 10 mg/L respectively. In addition, the use of 8 mg/L alum will save 20% of process economy.
In Table 3 , at medium turbidity, poor performance was observed when the use of (DS) as natural coagulant aid in conventional approach and consequently residual turbidities were higher than that of the acceptable limit of drinking water. Whilst, proposed approach using DS as a primary natural coagulant significantly reduced the residual turbidity to less than 5 NTU for settling times from 60 to 120 minutes at alum dose of 20 mg/L and 16 mg/L for 120 minutes. In other words, the use of 16 mg/L alum in proposed approach will save 20% of process economy.
The same table shows that at alum dose of 20 mg/L, both approaches using (PS) natural coagulant achieved the treatment goal that less of 5 NTU for settling times from 60 to 120 minutes. In other words, the efficiency of proposed approach in terms of decreasing residual turbidity was better than of conventional approach. In addition, other alum dose (16 mg/L) in proposed approach showed excellent residual turbidity to meet WHO drinking water guidelines. The saving in alum dose at 16 mg/L using proposed approach was 20%.
In Table 4 , at high turbidity level, the conventional approach using (DS) natural coagulant achieved the acceptable limit in drinking water according to WHO for settling times 60, 90, 120 minutes at alum dose of 60 mg/L as well as 48 mg/L for settling times of 90 and 120 minutes. It is clear to see that the natural coagulant of (DS) showed a good coagulating activity in conjunction with alum at high turbidity of synthetic water. There is a range of optimum dosages for a coagulant at the best operating conditions to achieve efficiently and effectively the best results [35] . Proposed approach showed excellent residual turbidities that meeting WHO drinking water guidelines of three doses (36, 48 , 60 mg/L) of alum for settling times of 60, 90 and 120 minutes. The best performance of proposed approach in terms of residual turbidity occurred at alum dose of 48 mg/L compared with alum dose of 60 mg/L which representing the overdosing range of treatment. It is clear to notice that other residual turbidities of proposed approach at doses of 12 and 24 mg/L were close to meet standard level of drinking water compared with that of conventional approach. In general, the savings in alum dose for reducing costs of treatment was 20% for 48 mg/L and 40% for 36 mg/L.
The same table shows conventional approach using (PS) natural coagulant achieved the required limit of treatment for both 48 and 60 mg/L at 60, 90, 120 minutes. While for proposed approach, dramatically minimizing and excellent performance in turbidity removal was observed at four doses of alum (24, 36, 48 , 60 mg/L) for three settling times from 60 to 120 minutes. Other residual turbidity (7. 2) of proposed approach at alum dose of 12 mg/L was close to meet standard level of drinking water compared with that of conventional approach. The best investigated dose of alum in proposed approach was to be 36 mg/L that gave excellent removal efficiency in terms of minimum residual turbidity compared with other alum doses. Proposed approach significantly reduced alum dose (60 mg/L) to 20% at dose of 48 mg/L and 60% at dose of 24 mg/L, thereby reducing costs of treatment. When using natural coagulants, considerable savings in chemicals and sludge handling cost may be achieved. Alum requirements could be saved by 50% -90% when okra was used as a primary coagulant or coagulant aid [36] . Natural coagulant such as moringa oleifera could produce readily biodegradable and less voluminous sludge by 20% -30% that of alum treated counterpart [37, 38] .
Conclusions
It has been found that in low and medium synthetic turbid water, conventional approach using (DS) natural coagulant could not achieve the acceptable residual turbidity level (  5 NTU) in drinking water according to WHO. While (PS) natural coagulant produced appreciable reduction in turbidity that meeting WHO guidelines. Both of them showed a good coagulating activity in conjuncttion with alum at high synthetic water and produced residual turbidities less than 5 NTU.
The experimental results confirmed the efficiency of proposed approach was better than of conventional approach in terms of residual turbidity that meeting WHO drinking water guidelines using both (DS) and (PS) in conjunction with alum for low, medium and high bentonite synthetic water. It offers several significant economics and operational benefits such as it minimized alum dose required to 60%, reduced settling time to 30 minutes and substantially decreased residual turbidities to less of 0.1 NTU. These advantages are very important not only for process economy through reducing the cost of treatments but in the practical application. Therefore, it is reasonable to consider this proposed approach to be a novel approach that applied as adequate pretreatment in advanced water treatment.
